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Context — The wide spread of multi-core CPU architectures has brought parallelism and concurrency
onto everybody’s working desk. This poses a major challenge to the average software developer, who
very likely has been trained to “think sequentially”. Yet some programming paradigms (such as the
functional one) enable one to “think parallel” [2] by abstracting from many (microscopic, “semicolon
oriented”) programming details. Programming in such a declarative style is governed by a rich al-
gebra of programming which makes it possible to calculate parallel, efficient versions of algorithms
which have been specified sequentially. This is so because declarative programming very naturally
expresses algorithms in terms of “divide and conquer” strategies. The main lesson learnt is that math-
ematics embodies parallel evaluation in a very natural way.

Such is the principle behind Spiral [5], a program generation system developed at CMU (ESE) which
performs optimizations automatically to produce code that rivals the best human-tuned code in per-
formance. It includes various optimizations such as loop unrolling, adaptation to the memory hi-
erarchy, and the use of special instruction sets. Spiral is focused on optimization for digital signal
processing (DSP) algorithms. It entirely autonomously generates platform-tuned implementations
of signal processing transform such as the discrete Fourier transform, discrete cosine transform, and
many others.

Aims — Spiral is essentially a term rewriting system which works at a very high level of abstraction. It
inputs formulæ specifying transform algorithms and outputs equivalent “vectorized” formulæ which
are directly mapped into short vector code. It doing this it shares the core principle of formal program
development: build a mathematical model first, then transform it (calculate) so as to reach efficient
implementations.

The main aim of this project is to bring the two cultures together, so as to broaden the scope of appli-
cation of parallel code generating systems such as Spiral. In theory, every DSL based on combinators
whose semantics are parallelizable by calculation [3] should be under the scope of tools such as Spiral.
A number of recent results on calculating parallelism (see eg. [4]) should be taken into account. The
use of so-called strategic term rewriting [1] techniques, which generalize the traditional term rewrit-
ing paradigm by making rewriting strategies fully typed and programmable, will be considered. The
likely application of the results of the project to widespread data processing languages such as eg.
SQL is also envisaged.

Contact — José N. Oliveira (CCTC) and Markus Püschel (ESE, CMU)

R&D Unit — CCTC (http://cctc.di.uminho.pt/) and ECE, CMU (http://www.ece.cmu.edu/).
Negotiations with the CMU-Portugal Program are under way.
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